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Abstract— Concrete is one of the most common and widely applied construction materials in the world. It is good in compression but weak in 
tension. The weakness in tension is been catered for through the use of reinforcement but there is still need to ensure that its  minimum tensile 
strength  is retained during the course of production and usage to avoid cracks development at the reinforcement cover. Concrete mixes of 
1:2:4 (cement: sand: granite) and mortar of 1:6 mix ratio of cement to sand were produced. The ordinary Portland cement (OPC) content was 
partially replaced with bamboo leaf ash (BLA) from 0% to 12% at 2% interval. They were tested under normal and elevated temperature to 
know the effect of elevated temperature on their splitting tensile strength. The results obtained showed OPC concrete mix to improve in splitting 
tensile strength (3.5 N/mm
2
 to 3.7 N/mm
2
 at 28 days curing) whereas there was a decrease in the splitting tensile strength obtained for BLA 
mixes (3.29 N/mm
2
 to 1.75 N/mm
2 
for 12% percentage replacement at 28 days curing). The same trend of results was obtained for mortar mix; 
OPC mix increases from 1.65 N/mm
2
 to 1.86 N/mm
2
 while BLA at 12 % percentage replacement decreases from 2.02 N/mm
2
 to 1.7 N/mm
2
. 
OPC concrete and mortar under high elevated temperature (100
o
C) will improve in splitting tensile strength while elevated temperature 
decreases the splitting tensile of BLA concrete and mortar mixes at 12%.  
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1 INTRODUCTION 
oncrete as a construction material has wide 
application and all its constituent materials are 
readily available in nature except cement. Cement as 
an essential binding materials in the production of 
concrete require high temperature (1500oC) during 
manufacturing. It also emits harmful gases like CO2, NO3 
and CH4 gases into the atmosphere. Apart from these 
disadvantages, calcium hydroxide, one of the hydration 
products of cement, is a treat to construction industry. 
This affects the durability characteristics of Portland 
cement pastes, mortar and concretes. Consequently, 
engineering researchers are being motivated to intensify 
efforts in reducing the amount of cement use in concrete 
production without altering the properties of such 
concrete significantly and without causing any havoc to 
the environment or the society at large. 
Pozzolans are siliceous and aluminous materials that 
possess little or no cementiuos value but which will in 
finely divided form and in the presence of water react 
chemically with calcium hydroxide at ordinary 
temperature to form compound possessing cementitious 
properties (Mehta, 1987). Some industrial by-products like 
blast furnace slag, fly ash, silica fume among others have 
been discovered to be practically useful when mixed with 
the right amount of OPC because it improves the 
properties of the blended cement. After due chemical and 
physical tests such materials are called pozzolans (ASTM, 
1978). Many at times, blended cement shows properties 
better than OPC if proper optimization is done 
(Ikumapayi, 2014). Apart from industrial by-products, 
ashes obtained from agricultural based industries have 
also been discovered to have pozzolanic properties. Rise 
husk ash (RHA) is already in use while sugarcane bagasse 
ash (SBA), bamboo leave ash (BLA), locust beans pod ash 
(LBPA) are new emerging pozzolans which are seriously 
under consideration for use in form of blended cements in 
the construction industry (Ikumapayi, 2014).  
 
*Corresponding Author 
Apart from compressive strength, tensile strength is one of 
the basic and important properties of concrete. The 
concrete is not usually expected to resist the direct tension 
because of its low tensile strength and brittle nature. 
However, the determination of tensile strength of concrete 
is necessary to determine the load at which the concrete 
members may crack. Cracking is a form of tension failure 
(Lee, 2007). Traditionally, there are two tests methods that 
can be employed in the measurement of concrete tensile 
strength; the splitting tensile strength of concrete cylinders 
and the flexural strength of beams. The splitting tensile 
strength known as the Brazilian or the indirect tension test 
is a popular method of characterizing the tensile strength 
of concrete. This method has been generally accepted 
because the cylinder is a commonly and routinely 
fabricated specimen. Also, the testing procedure is quite 
simple, and has been specified in several 
recommendations and standards (ASTM C496, 2002; 
RILEM CPC6, 1994). This research covers the 
determination of the splitting tensile strength of 
cylindrical concrete specimens for OPC concrete, BLA 
concrete and mortar. 
Previous studies pointed out that splitting tensile strength 
of ordinary concrete could change with high temperature 
which also depends on the relative humidity (Naus, 2010). 
In this study, the effect of elevated temperature on the 
splitting tensile strength of OPC and BLA pozzolanic 
concrete and mortar has been investigated through 
experiment. The various concrete mixes were heated and 
their splitting tensile strengths were determined. The 
importance of temperature, concrete constituent and 
cement composition were then investigated and analysed 
using ANOVA at       . 
 
2 MATERIALS 
The materials used in this experiment are coarse 
aggregates (19mm granites chippings), fine aggregates 
(sand and stone dust), ordinary Portland cement, bamboo 
leaf ash (BLA) and portable water. The pozzolanic 
material used is BLA and it was obtained from burning of 
bamboo leaf. The bamboo leaves were sun dried to 
remove moisture from them. They were then subjected to 
C 
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a high temperature of about 600-700oC and allowed to cool 
for 12 hours. The burnt ashes collected were sieved 
through a BS sieve (75μ).  
 
3 EXPERIMENTAL METHODOLOGY 
Normal concrete mix of ratio 1: 2: 4 of cement to sand to 
granite were produced with water cement of 0.65. 
Pozzolanic mortar mixes obtained by replacing cement 
with BLA at 4%, 8% and 12% were also produced. Mortar 
mixes of ratio 1: 6 of cement to sand were also produced. 
The various mixes were cast using cylinder of size 200 mm 
height and 100 mm diameter. The concrete cylinders were 
cured by immersing in water. They were brought out at 7, 
14 and 28 days for heating and for determination of their 
splitting tensile strengths. Those that were to be subjected 
to elevated temperature were placed in the oven regulated 
to a temperature of 100oC for a minimum of 24 hours 
before test. The total numbers of concrete cylinders cast 
were one hundred and fourty four (144) i.e thirty-six (36) 
concrete cylinders for the different mixes at 7, 14, and 28 
days.               
3.1  Laboratory Tests on all Materials, Fresh and 
Hardened  
The laboratory tests conducted on the fine aggregates 
were particle size distribution, specific gravity tests, 
determination of natural moisture content and silt clay 
content. Specific gravity test, aggregate impact value (AIV) 
and aggregates crushing values (ACV) were determined 
for the coarse aggregates. Consistency, soundness tests as 
well as the initial and final setting time were all 
determined for the concrete. For the fresh concrete, the 
slump and compacting factor tests were all carried out. 
The slump test was carried out using the slump apparatus 
which is a mould that has 200 mm bottom diameter, 100 
mm top diameter and 300 mm height. The slump after 
pouring the concrete in layers was measured using a ruler.  
The slump is the   difference between the height of the 
mould and that of the highest point of the specimen been 
tested. Splitting tensile strength and bulk density tests 
were carried out on the hardened concrete. The splitting 
tensile strength test shown in Fig. 1 consists of applying a 
diametric compressive load along the entire length of the 
cylinder until failure occurs. This loading induces tensile 
stresses on the plane containing the applied load and 
compressive stresses in the area around the applied load. 
To avoid local compressive strength, plywood strips were 
used between the specimen and the plate. Tensile failure 
occurs instead of compressive failure since the areas under 
the load application are in a triaxial compression state, 
therefore allowing them to resist higher compressive 
stresses than what would have been indicated by uniaxial 
compressive strength (ASTM C496, 2002). The splitting 
tensile strength test was carried out in accordance with 
this procedure as shown in Plate 1. 
 
Fig. 1: Concrete cylinder splitting tensile strength test 
(ASTM C496, 2002). 
  
Plate 1: Splitting mode of stonedust aggregate samples. 
The splitting tensile strength was calculated using the 
formula in Equation 1. 
     
  
   
      (1) 
Where; Tsp represents splitting tensile strength  
P represents the applied load 
D represents the diameter of the specimen 
L represents the length of the specimen 
4 RESULTS AND DISCUSSION  
4.1 Laboratory Test Results 
Some of the laboratory tests results obtained on the 
properties of the research materials are presented in Table 
2. The results in Table 1 fall within the range of relevant 
standards. The average soundness value of cement is 1.20 
mm which is within the range (i.e. 10 mm maximum) 
specified by the IS: 4031 (1988). Also, the value of the silty 
clay content is 8.3% is below the maximum value (i.e. 9 % 
maximum) specified by the code. The particle size 
distribution for the sand is shown in Fig. 2. The initial 
setting time and final setting time obtained for the OPC 
were 40mins and 420mins while the consistency point was 
35mm (IS: 4031, 1988). 
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Table 1: Properties of the research materials 
S/NO TEST RESULT 
1 CEMENT  
 Soundness 1.20 mm 
 Fineness 0.73 kg 
2 COARSE AGGREGATE  
 Aggregate crushing value 29.8 % 
 Aggregate impact value 18.2 % 
3 SPECIFIC GRAVITY  
 Sand 2.24 
 Stone dust 2.8 
 Granite 2.99 
4 SILTY CLAY CONTENT OF SAND 8.3 % 
5 NATURAL MOISTURE CONTENT 
OF SAND 
1.67 
 
 
Fig. 2: Particle size distribution for the sand 
4.2 Workability and Compacting Factor Tests 
Results 
The results of the workability and compacting factor tests 
are shown in Tables 2 and 3 for the concrete and mortar 
samples respectively. The slump results for the concrete  is 
within the range of 10 to 40 mm slump values for class S1 
concrete as stipulated by BSEN 12350-2 (2009) while that 
of the mortar falls into the category of class S2. They all 
met the requirement. 
Table 2: Slump and compacting factor results for the 
concrete fresh samples 
BLA content 
(%) 
Slump value (mm) Compacting 
factor 
0% 30 0.87 
4% 30 0.89 
8% 30 0.89 
12% 32 0.91 
 
Table 3: Slump and compacting factor results for the 
mortar fresh samples 
BLA content (%) Slump value 
(mm) 
Compacting 
factor 
0% 45 0.87 
4% 48 0.89 
8% 52 0.84 
12% 52 0.87 
 
 
 
 
 
4.3 Influence of Curing and BLA Pozzolans on 
Density of concrete and mortar 
Considering the results obtained in Figs 3 to 6, it was 
observed that for the concrete and mixes made from BLA 
there is generally an increase in the density of the 
unheated concrete specimens made from granite 
chippings as the curing age increases especially at 12% 
percentage replacement. The reverse was the case when 
these specimens were heated; there was a drop in the 
values obtained for the densities for any of these mix 
components even as the curing days increases.  
 
 
Fig. 3: Result of densities for unheated BLA concrete 
specimens 
 
Fig. 4: Result of densities for heated BLA concrete 
specimens 
 
 
Fig. 5: Result of densities for unheated BLA mortar 
specimens 
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Fig. 6: Result of densities for heated BLA mortar 
specimens  
4.4   Influence of Curing and BLA Pozzolans on 
Splitting Tensile strength of concrete and Mortar 
The results in Figs 7 and 8 show the values of splitting 
tensile strength of concrete made from granite aggregates 
and BLA pozzolans for both heated and unheated 
samples. The results shows that there was an increase in 
the splitting tensile strength  of OPC concrete after heating 
while the BLA concrete shows a decrease in the splitting 
tensile strength even at 28 days curing after heating. The 
result implies that heating or high temperature destroys 
pozzolanic activity of BLA concrete while OPC concrete 
showed good resistance to high temperature even up to 
100oC Both OPC and BLA mortar specimens show 
decrease in splitting tensile strength when heated and 
unheated (Figs 9 and 10). These results also show that the 
good resistance to high temperature of OPC has been 
aided by the granite chippings present in the concrete 
since mortar did not exhibit same good resistance of 
concrete specimens. 
 
 
Fig.7: Splitting tensile strength against BLA % replacement 
for unheated concrete samples 
 
  
Fig. 8: Splitting tensile strength against BLA % 
replacement for heated concrete samples. 
. 
 
Fig. 9: Splitting tensile strength against BLA % 
replacement for unheated mortar samples. 
  
Fig. 10: Splitting tensile strength against BLA % 
replacement for heated mortar samples. 
4.5: Statistical analysis of splitting tensile strength 
of the various samples at 28 day curing 
The effect of heating on splitting tensile strength of 
concrete was analysed using analysis of variance test 
(ANOVA) as shown in Table 4.  
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Table 4: LSD test for splitting tensile strength of concrete 
made from granite for 28 days curing. 1-OPC (control), 2-
BLA (4%), 3-BLA (8%), 4-BLA (12%), 5-OPC heated, 6-
BLA (4%) heated, 7-BLA (8%) heated, 8- BLA (12%) 
heated.                    
i j MD (i-j) p Remarks 
1 2 1.0033 .000 * 
3 .8433 .000 * 
4 .2133 .070 NS 
5 -.2166 .066 NS 
6 .7366 .000 * 
7 1.4266 .000 * 
8 1.7466 .000 * 
2 3 -.1600 .164 NS 
4 -.7900 .000 * 
5 -1.2200 .000 * 
6 -.2666 .027 NS 
7 .4233 .001 * 
8 .7433 .000 * 
3 4 -.6300 .000 * 
5 -1.0600 .000 * 
6 -.1066 .346 NS 
7 .5833 .000 * 
8 .9033 .000 * 
4 5 -.4300 .001 * 
6 .5233 .000 * 
7 1.2133 .000 * 
8 1.5333 .000 * 
5 6 .9533 .000 * 
7 1.6433 .000 * 
8 1.9633 .000 * 
6 7 .6900 .000 * 
7 8 1.0100 .000 * 
 8 .3200 .010 NS 
*Mean Difference (MD) is significant at       , 
 NS= Not Significant 
The result of the LSD post hoc test shown in Table 3 
showed that when the STS of OPC unheated was 
compared with OPC heated there was no significant 
difference in the changes that took place. This is an 
indication that heating does not affect the STS of OPC 
concrete significantly and therefore its usage under high 
temperature is safe in term of STS. Similarly when the STS 
of OPC was statistically compared with that of unheated 
BLA 12% there was no significant difference in the 
changes that took place, therefore BLA can replace cement 
up till 12% without significantly altering the STS. On the 
contrary, when heated BLA pozzolanic concrete shows 
significance reduction in the STS at any percentage 
replacement indicating that its usage under high 
temperature will affect the STS of such concrete which will 
increase the rate at which the concrete will crack at the 
reinforcement cover. 
5 CONCLUSION 
From the results, it can be concluded that heating will 
increase the STS of OPC concrete but not significantly. 
Also BLA pozzolanic concrete and mortar showed 
significance decrease in the STS up to 28days at various 
percentage replacements. Therefore, BLA pozzolanic 
mixes can partially replace cement without significantly 
affecting the STS under normal temperature but will 
adversely affect it when heated.   
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